Using a method to discover and classify supernovae (SNe) in galaxy spectra, we find 90 Type Ia SNe (SNe Ia) and 10 Type II SNe among the ∼ 700,000 galaxy spectra in the Sloan Digital Sky Survey Data Release 7 that have VESPA-derived star-formation histories (SFHs). We use the SN Ia sample to measure SN Ia rates per unit stellar mass. We confirm, at the median redshift of the sample, z = 0.1, the inverse dependence on galaxy mass of the SN Ia rate per unit mass, previously reported by Li et al. (2011b) for a local sample. We further confirm, following Kistler et al. (2011) , that this relation can be explained by the combination of galaxy 'downsizing' and a power-law delay-time distribution (DTD; the distribution of times that elapse between a hypothetical burst of star formation and the subsequent SN Ia explosions) with an index of −1, inherent to the double-degenerate progenitor scenario. We use the method of Maoz et al. (2011) to recover the DTD by comparing the number of SNe Ia hosted by each galaxy in our sample with the VESPA-derived SFH of the stellar population within the spectral aperture. In this galaxy sample, which is dominated by old and massive galaxies, we recover a 'delayed' component to the DTD of 4.5±0.6 (statistical) . This rate is consistent with the rates and rate evolution from other recent SN Ia surveys, which together also indicate a ∼ t −1 DTD.
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−0.5 (systematic) × 10 −14 SNe M −1 yr −1 for delays in the range > 2.4 Gyr. The mass-normalised SN Ia rate, averaged over all masses and redshifts in our galaxy sample, is R Ia,M (z = 0.1) = 0.10±0.01 (statistical) ±0.01 (systematic) SNuM, and the volumetric rate is R Ia,V (z = 0.1) = 0.247 +0.029 −0.026 (statistical) +0.016 −0.031 (systematic) × 10 −4 SNe yr −1 Mpc −3 . This rate is consistent with the rates and rate evolution from other recent SN Ia surveys, which together also indicate a ∼ t −1 DTD.
INTRODUCTION
The nature of the stellar system that ends up exploding as a type Ia supernova (SN Ia) is still uncertain (see Howell 2011 and for recent reviews). While the progenitor is most probably a carbon-oxygen white dwarf (CO WD; Nugent et al. 2011; Bloom et al. 2012) , in order for it to explode it must be ignited. The current consensus is that the WD is in a binary system, through which it accretes mass until the pressure or the temperature in the WD core become high enough to ignite carbon and initiate a thermonuclear runaway. The two leading scenarios for the nature of the progenitor system are the single degenerate scenario (SD; Whelan & Iben 1973) in which the WD E-mail: orgraur@astro.tau.ac.il accretes mass from a main-sequence, helium, or giant star, and the double degenerate scenario (DD; Iben & Tutukov 1984; Webbink 1984) in which the WD merges with a second CO WD through loss of energy and angular momentum to gravitational waves.
Theoretical and observational evidence exists both for, and against, each of the progenitor scenarios. The SD scenario, long held to be the more likely progenitor option, has been called into question by some recent observations. Pre-explosion images and early multi-wavelength data for SN2011fe have ruled out a red giant as the binary companion in that explosion (Li et Sternberg et al. (2011) have argued, based on the statistics of sodium absorption lines in SN Ia spectra, that at least 20-25 per cent of SNe Ia in spiral galaxies interact with circumstellar material that could originate from a wind from a SD companion (see also Patat et al. 2007; Simon et al. 2009 ). Dilday et al. (2012) have found evidence of circumstellar material around the SN Ia PTF11kx, which they explain as the result of a symbiotic nova progenitor, similar to RS Ophiuchi. However, such events probably constitute only 0.1-1 per cent of all SNe Ia. Following upon ideas by Piersanti et al. (2003) , Justham (2011) , Di Stefano, Voss, & Claeys (2011) , and Ilkov & Soker (2012) have recently sketched scenarios wherein the lack of signs of interaction or hydrogen in SN Ia spectra are due to spinup of the accreting WD, resulting in a delay in the explosion by enough time, e.g., for a SD companion to exhaust its hydrogen envelope.
As for the DD scenario, Badenes & Maoz (2012) have recently measured the Galactic merger rate of WD-WD binary systems in the Sloan Digital Sky Survey (SDSS; York et al. 2000) and found it to be similar to the Galactic SN Ia rate (although some fraction of those mergers, a fraction not constrained by the data, involves mergers below the Chandrasekhar mass). The DD scenario has long been disfavored by theoretical studies that predict that the merger of WDs of unequal mass would lead to an accretion-induced collapse to a neutron star, rather than to a SN Ia (Nomoto & Iben 1985; Shen et al. 2012; see, however, Pakmor et al. 2010 see, however, Pakmor et al. , 2011 see, however, Pakmor et al. , 2012 van Kerkwijk, Chang, & Justham 2010 , for some recent reassessments of this prediction).
Some evidence favoring the DD scenario has emerged from reconstructions of the delay-time distribution (DTD; the distribution of times that elapse between a hypothetical δ-function-like burst of star formation and the subsequent SN Ia explosions). Different progenitor models predict different forms for the DTD (see Wang & Han 2012 for a recent review). A power-law DTD with an index of ∼ −1 is generic to the DD scenario, if the distribution of initial separations between the merging WDs is roughly a power law of that index (see, e.g., . DTDs from SD models generally cut off after a few Gyr, although extended DTDs in the SD context have been predicted as well (e.g., Di Stefano et al. 2011; Hachisu, Kato, & Nomoto 2012) .
Recent studies, using various SN samples, environments, and redshift ranges, have been consistently measuring a power-law DTD of the form t −1 (see for a review). Specifically, a measurement of the SN Ia rates in elliptical galaxies as a function of luminosityweighted galaxy age by Totani et al. (2008) was best-fitted by a power-law DTD of this form. Galaxy clusters, where most of the star formation is thought to have occurred in one burst at z ≈ 3, have also yielded SN Ia rates consistent with such a power-law DTD Maoz, Sharon, & Gal-Yam 2010; Barbary et al. 2012b; Sand et al. 2012) . Measurements of the volumetric rate of SNe Ia in field galaxies as a function of the cosmic star formation history (SFH) also point to a t The dependence of SN Ia rates on host-galaxy mass and star-formation rate provides a further probe of the DTD. Mannucci et al. (2005) and Mannucci, Della Valle, & Panagia (2006) showed that a broad distribution of delay times is required in order to explain the increase in the SN Ia rate per unit stellar mass in bluer galaxies, a colour dependence that showed can be reproduced with a t −1 DTD. Li et al. (2011b, L11 ) measured SN Ia rates per unit stellar mass in the local Universe and found that they followed a 'rate-size' relation, whereby less-massive galaxies have higher mass-normalised SN Ia rates than more massive galaxies. Kistler et al. (2011) showed that the rate-size relation could be explained by the combination of galaxy 'downsizing' (i.e., older galaxies tend to be more massive than younger galaxies) and a power-law DTD of index −1.
Using the SDSS-II SN Ia sample (Dilday et al. 2010; Sako et al. 2011) , Smith et al. (2012) confirmed that the SN Ia rate per unit stellar mass decreased with increasing hostgalaxy stellar mass in passive galaxies. Brandt et al. (2010) and Maoz et al. (2011, M11) introduced a method for recovering the DTD while accounting for the detailed SFHs of the individual monitored galaxies. M11 used this method on a subsample of the Lick Observatory SN Search sample (LOSS; Leaman et al. 2011; Li et al. 2011a; L11) , from which they recovered a DTD with both 'prompt' (t < 420 Myr) and 'delayed' (t > 2.4 Gyr) components. In Maoz, Mannucci, & Brandt (2012, M12) , this method was applied to the SDSS-II sample of SNe, from which a similar DTD with prompt, delayed, and 'intermediate' (0.42 < t < 2.4 Gyr) components was recovered, consistent with the t −1 form of previous studies. Despite this agreement in the form of the DTD between observations and models, in general the DD DTDs produced by binary population synthesis models are an order of magnitude lower than measurements (Mennekens, Vanbeveren, & De Greve 2012; Toonen, Nelemans, & Portegies Zwart 2012; see Ruiter et al. 2012 for an exception).
Most SN surveys have been based on imaging, whether by monitoring specific galaxy samples or volumes of space and the galaxies that they include. However, it is also possible to discover SNe serendipituously among large samples of galaxy spectra, in which the galaxy region covered by the spectral aperture happens to host a SN during the time of exposure. Advantages of such samples are that the spectra, and hence classification, of transients is immediately available. Furthermore, the availability of the spectra of the stellar populations in the specific galactic regions that were effectively 'monitored' permits deriving accurate rates and DTDs.
In this paper, we discover a new SN sample by searching for, and classifying, transients (including, but not limited to, SNe Ia) among ∼ 700,000 galaxy spectra from the 7th data release of the SDSS (SDSS DR7; Abazajian et al. 2009 ). Madgwick et al. (2003, M03) were the first to discover SNe Ia in SDSS galaxy spectra (in SDSS DR1). They found 19 SNe Ia among ∼ 100,000 galaxy spectra, from which they estimated the SN Ia rate at z ≈ 0.1. Krughoff et al. (2011, K11) made a similar measurement, using the larger galaxy sample in SDSS DR5, finding 52 SNe Ia among ∼ 350,000 galaxies. Working with a subsample of ∼ 300,000 galaxies from SDSS DR7, Tu et al. (2010, T10) found 36 SNe. As detailed below, in this paper we analyse a larger sample of SDSS spectra, using a number of improvements in transient detection, classification, and rate analysis. We provide the details of our galaxy sample in Section 2. In Section 3, we describe our discovery and classification routine and assess its efficiency and purity. In Section 4, we present our SN sample. Using our SN Ia sample, in Section 5 we measure mass-normalised SN Ia rates, convert them to a volumetric rate, and compare them to previous results. In this section we also recover the delayed component of the DTD using the direct recovery method of M11. We summarize and discuss our results in Section 6.
Throughout this paper, we assume a cosmological model with parameters ΩΛ = 0.7, Ωm = 0.3, and H0 = 70 km s −1 Mpc −1 . Magnitudes are on the AB system (Oke & Gunn 1983) , unless noted otherwise.
GALAXY SAMPLE
For the purpose of this work, we used the 776,447 galaxy spectra in SDSS DR7 that have SFHs obtained by Tojeiro et al. (2009, T09) using the VErsatile SPectral Analysis code (VESPA 1 ; Tojeiro et al. 2007 ). As in M11 and M12, we use the total formed stellar masses fitted by VESPA to the SDSS spectra in three time bins: 0-0.42 Gyr, 0.42-2.4 Gyr, and > 2.4 Gyr (corresponding to bins 24 + 25, 26, and 27 in T09). We specifically use the VESPA reconstruction that assumes a single dust component and utilises the Maraston (2005) spectral synthesis models. A Kroupa (2007) stellar initial-mass function (IMF) is assumed in T09, and this assumption therefore propagates into the mass normalisation of the SN Ia rates we report. T09 measured the total mass in the SDSS fiber aperture and then applied an aperture correction to obtain the total mass in the entire galaxy (see their equation 22). Since, for rate purposes, we are interested in the stellar mass inside the fiber aperture (which was the stellar mass that was effectively monitored for SNe), we reverse this aperture correction, and propagate the uncertainties accordingly. We reduce the masses in each time bin by a further factor of 0.55, due to the different flux calibrations between SDSS DR5 and DR7 (R. Tojeiro, private communication; see M12 for a detailed discussion). Of the 776,447 galaxies in our sample, 52,016 galaxies, constituting 6.7 per cent of the sample, have VESPA-derived masses only in a coarse bin in the time range > 0.42 Gyr (i.e., in bin 29). This precludes using these galaxies, as we cannot know how to distribute these masses between the 0.42-2.4 Gyr and > 2.4 Gyr bins. Furthermore, we exclude those galaxies for which the VESPA SFH has a reduced χ 2 value (χ 2 r ) in the range χ 2 r > 10, are at redshift z > 1, or that have less than 500 good pixels in their spectra, according to the MASK array included by SDSS for each spectrum [we use only those pixels that have a '0' (good) or '40000000' (emission line) bit flag]. These cuts reduce our sample to 707,792 galaxies.
Of the galaxies in the sample, 29,066 galaxies have more than one spectrum, observed on different dates. Of these galaxies, after applying the above cuts, we consider in our rates analysis only the spectra that are spaced at least 60 days apart, in order to assure independent search epochs. Five of the host galaxies of the SNe Ia that we present 1 http://www-wfau.roe.ac.uk/vespa/ below have multiple observations (namely, 0394-51812-554, 0418-51884-144, 1298-52964-304, 1782-53383-517, and 2019-53430-010) . Throughout this work, we refer to SNe discovered in SDSS spectra according to the plate, modified Julian date (MJD), and fiber in which they are discovered (e.g., 0814-52443-249 was observed on MJD 52443, or June 18 2002, in the galaxy targeted by the 249th fiber of plate 814, where each SDSS plate contains 640 fibers). The above cut leaves 26,592 multiply-observed galaxies: 12,991 with two observations; 197 with three epochs; 11 with four; three with five; and two galaxies with six epochs.
We classify the galaxies in our sample according to their specific star-formation rate (sSFR), which is computed as the VESPA mass formed in bins 24+25, divided by 420 Myr, and divided by the total formed mass. Following Sullivan et al. (2006b) , we separate the galaxies into highly star-forming [log(sSFR/yr −1 ) −9.5], starforming [−12 log(sSFR/yr −1 ) < −9.5], and passive [log(sSFR/yr −1 ) < −12] galaxies. As we show in the upper panel of Fig. 1 , our galaxy sample is dominated by massive, old galaxies, and consists of 54.5, 44.7, and 0.8 per cent passive, star-forming, and highly star-forming galaxies, respectively. The SN Ia host galaxy sample is similarly divided into 47.8, 52.2, and 0 per cent passive, star-forming, and highly star-forming galaxies, respectively. Since only 0.8 per cent of our galaxies are highly star-forming, we combine the star-forming and highly star-forming galaxies into one category, which we label 'star-forming galaxies' (i.e., with log(sSFR/yr −1 ) −12). The lower panel of Fig. 1 shows the redshift distribution of our galaxy sample and SN Ia host-galaxy sample. The median redshifts of the galaxy and SN Ia host galaxy samples are z = 0.11 and z = 0.09, respectively. Due to the limits of our detection and classification process, we do not find SNe Ia above z ≈ 0.2.
SUPERNOVA DISCOVERY AND CLASSIFICATION

Method
The galaxy spectra are first corrected for Galactic extinction according to Cardelli, Clayton, & Mathis (1989) and the E(B − V ) values listed in the SDSS spectrum headers. The spectra are then masked according to the MASK array included for each spectrum. In order to identify SNe in the SDSS DR7 galaxy spectra, we first subtract a model of the galaxy constructed from ten SDSS DR2 galaxy eigenspectra (Yip et al. 2004a ), using singular value decomposition (SVD). At this stage, we discard spectra with best-fitting galaxy models with χ 2 r 1, as these spectra either do not host a transient, or have a too low signal-to-noise ratio (S/N). The residual spectrum obtained by subtracting the galaxy model is fit with a straight line in f λ vs. wavelength, which is then subtracted. This 'flattened' residual is searched for 'features' by counting the number of continuous pixels above (or below) zero. The residual spectrum must have at least ten features, each 30 pixels wide. These values were found to be optimal for discovering faint SNe, while reducing the number of false positives.
Every galaxy spectrum that satisfies the above criteria is then re-analysed by adding SN templates to the SVDconstructed galaxy model. We use the spectral library from the Supernova Identification code (SNID 2 ; Blondin & Tonry 2007), which contains SN (Ia and core collapse), active galactic nucleus (AGN), luminous blue variable (LBV), flaring M dwarf, and galaxy spectra. For each SVD fit, we compute a figure of merit, χ 2 λ , composed of the χ 2 r value, divided by the wavelength range covered by the specific transient template. This is necessary, as some transient templates cover small wavelength ranges due to the instrumental setups with which they were taken. Such templates would receive a low χ 2 r value if they fit specific features in the residual spectrum, even though a different template from the same transient class that covers a larger wavelength range may not fit the rest of the residual. This can lead to the misclassification of transients (e.g., SNe Ia as core-collapse SNe). To overcome this problem, we keep only those transient templates in the SNID library that cover a wavelength range of at least 2,900Å, reducing the SNID spectral library from 349 objects with 3,056 spectra to 304 objects with 2,952 spectra. Only A large number of false positives are culled at this stage, as some residual spectra with low S/N ratios might be fit with transient templates using SVD, but will be disqualified by
SNID.
Finally, the candidate is classified into eight transient categories, according to the SVD and SNID best-fitting templates, and according to the percentage of SNID templates belonging to a specific category, which we call SNID%. The transient candidates are classified as Ia, Ib/c, IIb, II, LBV, or AGN. We also include two additional categories: Ia/Ic (Ic/Ia), which include SNe that are classified as SNe Ia by one classification method and as SNe Ib/c by the other. For example, a SN can be classified as a SN Ia in the SVD phase and then as a SN Ic by SNID. If less (more) than 50 per cent of the best-fitting SNID templates are those of SNe Ia, we classify the SN as a Ic/Ia (Ia/Ic). Without follow-up spectroscopy or imaging, we cannot tell whether such a SN is a SN Ia or a SN Ib/c, so SNe classified as Ia/Ic (Ic/Ia) would be added to the SN Ia (Ib/c) sample, but would carry a systematic uncertainty (e.g., if two SNe Ia/Ic were discovered, they would add a −2 systematic error to the number of SNe Ia). However, as detailed in Section 4, we find no such SNe. The classification rules are summarized in Table 1 .
Along with the SNe in our sample, we also find ∼ 980 AGNs. In order to check whether any of these AGN-hosting galaxies also host other types of transients, we re-analyse them one more time, using a combination of the galaxy eigenspectra, the Vanden Berk et al. (2001) composite AGN template (which is also included in the SNID spectral library), and all other transients in the SNID spectral library. In other words, whereas in the previous stage the data were fit with either an AGN or a different transient template, in this stage they are fit with both simultaneously. We find no other transients in these galaxies.
We do not mask galaxy emission lines in the first stage of analysis, as we have found that the emission lines have a negligible effect on our discovery success rate. However, since the strength of individual emission lines changes from galaxy to galaxy, they are not perfectly fit by the eigenspectra, contaminating the residual spectrum and causing SNID to misclassify SN candidates. Fig. 2 , we show an example of a SN Ia discovered by our methodology.
Comparison with previous spectral supernova searches
As in this work, M03, K11, and T10 used galaxy eigenspectra, obtained through principal component analysis (PCA), to subtract a galaxy model from the data. The residual spectrum, however, was analysed differently. M03 performed a wavelet transform on the residual to separate the SN signal from the noise. This resulted in a 'noiseless' signal which they compared, through cross-correlation, to a small set of SN Ia spectral templates. Such manipulation of the data carries the risk of introducing artificial features, and indeed we believe that some of the SNe reported by M03 may have been false detections (see below). K11 used the same Yip et al. (2004a) eigenspectra as in this work, together with an AGN template composed of the first two QSO eigenspectra from Yip et al. (2004b) (i) We use the SNID as well as the SVD-derived χ 2 criterion. This allows us to cull false SN Ia candidates (as detailed in Section 3.1) and other false positives.
(ii) We have found that using an AGN template together with the galaxy eigenspectra 'robs' some of the continuum from a transient in the galaxy spectrum, making it harder to discover fainter SNe. Instead, as detailed in Section 3.1, we first find ∼ 980 AGN-hosting galaxies, and search them for additional transients. By limiting the combination of the AGN template and the galaxy eigenspectra to these AGNhosting galaxies alone, we assure that the AGN template does not affect the shape of the residual spectra in non-AGN-hosting galaxies. (iii) By using SNID, and the SNID templates in the SVD phase, we can discover other types of transients, from corecollapse SNe to LBVs. Furthermore, SNID and the SVD phase are modular: new spectra can be added as they become available (e.g., for new types of transients, such as the super-luminous SNe). (iv) The data are not manipulated in any way (e.g., there is no binning).
We recover all of the eight examples reported by K11 out of the 52 SNe Ia they discovered, except 0472-51955-247 (see their figure 8) which is hosted by a galaxy that is not included in our galaxy sample. Of the 19 SNe Ia reported in M03, we recover ten. Two of the 19 SNe are hosted by galaxies that are not included in our galaxy sample, as they do not have associated VESPA SFHs. Of the remaining seven SNe Ia, the residual spectra of the four galaxies hosting SN2000ga, SN2001ki, SN2001kl, and SN2001kr have no discernible SN Ia features, and we deem them false detections. SN2001kn and SN2001ks may be real SNe Ia, but were not detected by our methodology due to the low S/N of their residual spectra. Finally, SN2001kq is detected with a redshift that is higher by ∆z > 0.015 than that of its host galaxy, and so is rejected by our detection and classification process. The redshift difference appears to be due to a rather poor best fit to a noisy residual spectrum, indicating a peculiar SN Ia. Of the 36 SNe reported by T10, we recover 31. As with the M03 sample, three of the T10 SNe (1304-52993-552, 1059-52618-553, and 1266-52709-024) are hosted by galaxies that are not in our galaxy sample. The final two SNe (1274-52995-638 and 1818-54539-399) are real, but were not detected due to the low S/N of their residual spectra. Differences in the SN Ia rate analysis between this work and M03 and K11 are discussed in Section 5.3. 
Detection and classification efficiency
SNe may be missed by our discovery and classification process for numerous reasons, including poor data (such as spectra with large masked areas), low S/N, low contrast relative to the galaxy light, or failure to meet our classification criteria. In order to quantify these and other systematic effects, we simulate the discovery and classification efficiency of our method by planting fake SN spectra in a random selection of real galaxy spectra.
The fake SN spectra are drawn from the subsample of SNID spectra spanning 2,900Å. In order to simulate the real distribution of SNe Ia in our sample, the host galaxies are chosen according to their sSFR. As the rate of SNe Ia is higher in more luminous galaxies, we favor in our simulation the selection of host galaxies based on luminosity, according to the dependence of the rate of SNe Ia on host-galaxy rband luminosity in figure 12 of Yasuda & Fukugita (2010) . Furthermore, as the SN Ia rate in passive galaxies is ∼ 1/3 the rate in star-forming galaxies (see figure 6 in Sullivan et al. 2006b ), 25 (75) per cent of the host galaxies in the fake sample are chosen to be passive (star-forming) galaxies. Next, the SN Ia spectra are planted according to the luminosity functions (LFs) and subtype populations from Li et al. (2011a) . Table 2 lists the population fractions and adopted LFs we use for each SN subtype. The Li et al. (2011a) LF is in the R band, so we convert it to the B band by doing synthetic photometry on the Hsiao et al. (2007) SN Ia template spectrum at peak, from which we get a (B − R) = −0.38 mag correction.
For each fake spectrum we choose a random peak Bband magnitude from the appropriate LF and translate it into a stretch value, s, according to the Perlmutter et al. (1999) stretch-luminosity relation
where mB,s is the peak B-band magnitude of the stretched light curve, mB,1 is the peak B-band magnitude of a normal s = 1 SN Ia, and α = 1.52 (Astier et al. 2006 ). We use the Hsiao et al. (2007) SN Ia spectral series to construct a template, s = 1 light curve and normalise it so that mB,1 = 0. From this stretched light curve we choose a random epoch, and assign the fake spectrum the r -band magnitude on that epoch. Following Sullivan et al. (2006a) , we limit the stretch range to 0.6 < s < 1.4.
We conduct three separate simulations, in each of which ∼ 10,000 fake spectra of a specific SN subtype are planted in ∼ 75,000 random galaxy spectra. The SN Ia simulation includes all normal SNe Ia, SN-91T-like SNe [including SN2000cx (Li et al. 2001 ) and SN2006gz (Hicken et al. 2007 )], SN-91bg-like SNe, and SN2002cx-like SNe [i.e., SN2002cx (Li et al. 2003) and SN2005hk ]. We do not include the peculiar SNe SN2002ic (Hamuy et al. 2003) , SN2003fg (Howell et al. 2006) , and SN2005gj ). The SN Ib/c simulation includes normal SNe Ib, SNe Ic, and SNe IIb, along with peculiar SNe Ib and broad-lined SNe Ic. The SN II simulation includes all SN IIP, SN IIL, and SN IIn spectra included in
SNID.
Similarly to the SNe Ia, the SN Ib/c and SN II fake spectra are planted according to the LFs and population fractions presented in tables 6 and 7 of Li et al. (2011a) , reproduced here in Table 2 . Contrary to the fake SNe Ia, the fake SNe Ib/c and SNe II are only planted in star-forming galaxies, i.e., those galaxies with log(sSFR/yr −1 ) −12. Table 3 lists the purity of our classification method, i.e., what fraction of fake SNe were classified into the different subtypes listed in Table 1 . The table shows that our code is efficient at classifying SNe Ia and SNe II. SNe Ib/c, however, are harder to classify, as they may appear similar to SNe Ia (especially SNe Ic that exhibit no hydrogen or helium in their spectra). For every SN classified as a SN Ia, there is a 1.7-per-cent chance that it is in fact a misclassified SN Ib/c. We take this into account by adding a systematic uncertainty of −1.5 to our sample of 90 SNe Ia, described in Section 4.
We present the results of our SN Ia simulation in Figures 3 -5. Fig. 3 shows our SN Ia detection efficiency as a function of the r -band apparent magnitude of the planted SNe. We reach 50 per cent efficiency at r = 20.4 mag. Since the brightness of the host galaxy affects the probability of detecting the SN (i.e., it is easier to discover SNe in fainter galaxies, and vice versa), we divide the SN Ia detection efficiency measurements shown in Fig. 3 into four subsets, according to the host-galaxy r -band magnitudes. These subsets are: r h > 19, 18 < r h 19, 17 < r h 18, and r h 17 mag. To the efficiency measurements of each of these subsets we fit a cubic spline.
We find that our detection efficiency is strongly dependent on the S/N of the original spectrum and on the brightness contrast between the SN and its host. Other variables, such as extinction, stretch, or the LF used to plant the fake SNe, have no discernible effect.
In Fig. 4 , we show the distributions of the differences be- tween the planted and recovered apparent magnitudes, ∆m, of the fake SNe Ia, and their host galaxies, in the g , r , and i bands. Because the transient spectra are not orthogonal with the set of galaxy eigenspectra, there is a flow of flux between them, which causes the SNe to appear brighter, on average, in the g band, and fainter in the r and i bands. The host galaxies, conversely, appear fainter and brighter, respectively, in these bands, as shown. Throughout this paper, we report SN and host-galaxy apparent magnitudes in the r band, where the dispersion in ∆m is smallest. Moreover, as the average offset in the measured r -band magnitude of the SNe Ia caused by the flux flow is negligible, and as the uncertainties in brightness are smaller than the 0.5-magwide bins we use for the detection efficiency measurements of Fig. 3 , we do not consider this offset any further.
Supernova age and stretch recovery efficiency
The left and centre panels of Fig. 5 show the distributions of differences between the planted and SVD-and SNID-derived ages, respectively, in 1-day-sized bins. The right panel of Fig. 5 shows a comparison of the SVD-and SNID-derived ages. Whereas the derived ages are almost always within ±1 day of the planted values, the comparison between the SVDand SNID-derived ages in the right panel of Fig. 5 shows that there is a larger source of systematic uncertainty contributing to the discrepancy between them. If we assume that the overall uncertainty is identical for all the SNe Ia, then we can estimate it by fitting the SVD-to the SNID-derived ages and setting χ 2 = 1. After limiting the ages of the fake SNe Ia to the range of the real SNe Ia in our sample, −10 to 55 days relative to B-band maximum light, we estimate the overall uncertainty in the age of the SNe Ia to be ±6 days. In a similar manner, we estimate the uncertainty in the ages of the SNe II to be ±33 days.
In order to measure the stretches of the SNe Ia in our . Distributions of differences between the planted and measured g -, r -, and i -band magnitudes of the fake SNe Ia (filled squares) and their host galaxies (filled circles), respectively. The markers denote the medians of the distributions, and the vertical error bars denote the 16th and 84th percentiles.
sample, we substitute the SNID templates used in the discovery phase with the Guy et al. (2007) SALT2 3 templates. Similarly to the Yip et al. (2004a) eigenspectra, the SALT2 templates are composed of two base spectral sequences: M0(p, λ) and M1(p, λ), where p is time since maximum light in the rest-frame B-band, λ is the rest-frame wavelength, M0(p, λ) is the average time sequence of eigenspectra, and M1(p, λ) is the spectral sequence of variations induced by the stretch of the SNe. Following equation 1 in Guy et al. (2007) , we add the SALT2 eigenspectra linearly:
but without the exponential colour correction. The variable x1 can be converted into the stretch parameter s by using the Guy et al. (2007) transformation
We first gauge the accuracy of our stretch measurements by planting 7,000 fake SN Ia spectra made up of a subsample of 835 spectra of 80 of the SNID SNe Ia with known stretch values (Hsiao et al. 2007 ). Fig. 6 shows the distribution of differences between the planted and recovered stretch values for a sample of 7,000 fake SNe Ia planted using this subsample, in bins of ∆s = 0.025. The distribution has a median of 0.0025, and the range of stretches enclosing 68 per cent of the area is +0.10 −0.14 . We treat this range as the uncertainty of our stretch measurements. As found before, fitting the SALT2-derived ages to those derived by SVD results in the same uncertainty of ±6 days.
SUPERNOVA SAMPLE
We find a total of 100 SNe, of which 90 are SNe Ia and 10 are SNe II. residual spectra and best-fitting SN templates are shown in Figures 8 and 9. Each SN is listed according to the plate, MJD, and fiber in which it was discovered. We measure the r -band magnitudes of the SNe by performing synthetic photometry on the SN residual spectrum, as obtained by subtracting the galaxy model from the original data. Similarly, the r -band magnitudes of the SN host galaxies are measured using synthetic photometry on the original data, after subtracting the SN residual. Finally, we measure the stretch of each SN using the SALT2 templates, as detailed in Section 3.4.
SNe II can be spectroscopically classified into those that show signs of interaction with circumstellar material (IIn) and those that do not (IIP and IIL). Of the non-interacting SNe II, SNe IIP are characterized by prominent P-Cygni lines, such as those visible in our SN II sample. However, while most SNe IIL do not exhibit P-Cygni lines, the Palomar Transient Factory (PTF; Rau et al. 2009 ) has observed several examples of SNe IIL with such lines (I. Arcavi, private communication). Without light curves, we cannot break the degeneracy between SNe IIP and IIL, and thus classify our 10 SNe II as non-interacting SNe II.
Apart from these SNe, we detect, as already noted, ∼ 980 AGNs and several dozen transients which might be either SNe IIn or AGNs. Some SN IIn spectra, which exhibit broad-winged hydrogen lines, are indistinguishable, without further spectroscopic or photometric follow-up, from AGNs, which have similar emission-line profiles.
Some of the SNe Ia in our sample are sufficiently bright so as to significantly distort the shape of the combined galaxy+SN spectrum. This results in a systematically biased VESPA fit and an incorrect SFH for the host galaxy. In order to correct this, we replace the SFHs of such host galaxies with those of 'surrogate' galaxies that did not host SNe, by fitting the continuum of the SN host galaxy with those of all galaxies within our galaxy sample that have the same redshift, within ∆z = 5 × 10 −4 , and r -band magnitude within ∆m = 0.05 mag. We inspect by eye the resulting five best-fitting galaxies. In most cases, we select the galaxy with the minimal χ 2 r value as the surrogate galaxy. In some cases, a better fit, with a χ 2 r value that is slightly larger (up to two tenths) of the minimal χ 2 r , is discernible by eye, and we choose it instead. We find that no surrogates are necessary for host galaxies where the contrast between the host and the SN Ia is 0.1. For SN-hosting galaxies with multiple, SN-free observations (i.e., 0394-51812-554, 0418-51884-144, 1298-52964-304, and 2019-53430-010) , we use the formed masses derived from the VESPA fits to the SN-free galaxy spectra.
One member of our SN Ia sample, 1710-53504-488, can also be fit as a SN Ic with 5 <rlap< 7, though the highest rlap values for the SN Ic fits are still lower than the best SN Ia fits (the 10 best-fitting SN Ia fits have rlap> 8; Y. Liu, private communication). We count 1710-53504-488 as a SN Ia, but take the possibility that it is actually a SN Ic into account through the systematic uncertainty of −1.5 SNe described in Section 3.3.
It is possible that some of the SNe in our sample exploded outside of the area covered by the spectral aperture, but some of their light leaked in due to the point-spread function. The contamination of our SN Ia sample by such SNe may cause us to over-estimate the SN Ia rates. To gauge any such contamination, we compare the observed r -band magnitudes of the SNe Ia and the estimated r -band magnitudes the SNe would have, based on their measured age and stretch values, the extinction along the line of sight to their host galaxies, and host-galaxy extinction, simulated according to the Neill et al. (2006) extinction model (a one-sided positive Gaussian centred on AV = 0 with a standard deviation of σ = 0.62). We find that two SNe Ia are abnormally faint: 418-51884-144 and 2594-54177-348, which are ∼ 3.5 and ∼ 2 magnitudes too faint. We treat these SNe as an added systematic uncertainty of −2 on the size of the SN Ia sample, bringing the total systematic uncertainty up to −3.5. medians of ∼ 0.93 and ∼ 0.98, respectively. Our sample has stretch medians of 0.95 (1.0) for the 43 (47) SNe Ia hosted by passive (star-forming) galaxies, which is a stretch difference of the same sense and similar magnitude to those seen by previous studies. However, a number of statistical tests (χ 2 , Kolmogorov-Smirnov, Student) all indicate that, in the case of our sample, these differences are not significant, which is not surprising given that our stretch-recovery uncertainty is about twice as large as the expected difference between the populations (see Section 3.4).
When using the figure of merit χ 2 λ introduced in Section 3.1, we optimize our detection and classification method towards the discovery of SNe Ia, and recover only two of the ten SNe II in Table 4 , due to the relatively smaller wavelength ranges covered by the SNID SN II templates. This, together with the overall small size of our SN II sample, precludes deriving a SN II rate in the context of this work.
SUPERNOVA RATE ANALYSIS
Visibility time
In order to measure SN Ia rates, we calculate a visibility time for each galaxy in our sample. This is the period of time during which we could have detected a SN Ia at that galaxy's redshift, with specific stretch and host-galaxy extinction values, and the SN Ia detection efficiency curves we measured in Section 3.3. We construct SN Ia light curves using the Hsiao et al. (2007) SN Ia template spectra. Each spectrum is reddened to simulate the effect of dust in the host galaxy using the Cardelli et al. (1989) our final sample is assigned a random stretch value from a Gaussian distribution with a standard deviation of σs = 0.1, and the mean of the Gaussian is selected according to the sSFR of the galaxy: µs = 0.98 (µs = 0.93) for star-forming (passive) galaxies (Sullivan et al. 2006a) . Following Sullivan et al. (2006a) and Meyers et al. (2012) , the stretch values for star-forming (passive) galaxies are restricted to the range 0.6 < s < 1.4 (0.6 < s < 1.1). We use the Yasuda & Fukugita (2010) LF to assign absolute B-band magnitudes at maximum light to each light curve. Each point in the light curve is then multiplied by the appropriate detection efficiency, according to the r -band magnitude of its host galaxy, as shown in Fig. 3 . The visibility time is
where m(t) is the redshifted and reddened template SN Ia light curve in the r band, and (m) is the detection efficiency, as a function of magnitude. The choice of LF used in the derivation of the visibility time is another source of systematic uncertainty, which we take into account by using three different LFs. Yasuda & Fukugita (2010) assumed that the colour variation of SNe Ia is due to host-galaxy extinction, with RV values of either 3.1, as in our Galaxy, or 1.92, which is closer to the values found for the host galaxies of SNe Ia (Nobili & Goobar 2008; Kessler et al. 2009 ). Li et al. (2011a) produced an observed LF, which is not corrected for host-galaxy extinction, for SNe Ia in E-Sa and Sb-Irr galaxies, which we use for the passive and star-forming galaxies in our sample, respectively. As it is as yet unclear whether the lower RV values found in SN Ia host galaxies are real or due to systematic effects (such as intrinsic SN Ia colour variance that is not taken into account in SN Ia light-curve modelers; Chotard et al. 2011), we use the RV = 3.1 Yasuda & Fukugita (2010) LF as the fiducial LF and propagate the systematic uncertainty resultant from using the other LFs into the mass-normalised and volumetric SN Ia rates. We find that the RV = 1.92 Yasuda & Fukugita (2010) and Li et al. (2011a) LFs add +6.5 and −8.5 per cent systematic uncertainties, respectively, to the mass-normalised and volumetric SN Ia rates.
The rate-mass relation
The mass-normalised SN Ia rate is the number of SNe Ia, NIa,i, in galaxies within a specific mass range i, divided by the sum of the visibility times, tv,j, of the n galaxies within that mass range, weighted by their monitored stellar mass, M * ,j (i.e., the mass of the galaxy within the spectral aperture, as observed at its present redshift, after mass loss dur- ing stellar evolution):
For the total stellar mass of the galaxies in our sample (used only for the purpose of binning the galaxies into various total-mass ranges), we use the VESPA values from T09, with the 0.55 correction, and with the original T09 aperture correction. As in other such studies, we present our rates in units of SNuM (10 −12 M −1 yr −1 ). We measure the massnormalised SN Ia rates in four total mass bins, where the limits of the bins are chosen so that each bin contains approximately the same number of SNe Ia. We measure the rates of all galaxies, and specifically of star-forming and passive galaxies, distinguished according to their sSFR, using the previously defined borders. Over the redshift range of our SN Ia sample, 0.014 < z < 0.19, we do not find a dependence of the rate on redshift, whether for all galaxies or for galaxies separated by sSFR. We therefore analyse together all redshifts in our sample. The cited uncertainties of the rates are the Poisson uncertainties on the number of SNe Ia in each mass bin and the systematic uncertainties propagated from the different LFs used in the calculation of the visibility time, together with the number of possibly misclassified or extra-aperturial SNe Ia. The systematic uncertainty stemming from the extra-aperturial SNe are added only to the bins that include the two possible SNe: 418-51884-144 is a ∼ 50 × 10 10 M passive galaxy, and 2594-54177-348 is a ∼ 2 × 10 10 M star-forming galaxy. These rates are summarized in Table 5 .
The mass-normalised SN Ia rate, averaged over all Figure 10 . SN Ia rates per unit stellar mass, as a function of total galaxy stellar mass. The mass-normalised SN Ia rates for all galaxies in each mass bin are shown as black squares, while the rates for star-forming (passive) galaxies are shown as blue circles (red diamonds). Vertical error bars are based on the Poisson uncertainty on the number of SNe Ia in the specific mass bin together with the systematic uncertainty stemming from misclassification and extra-aperturial SNe, along with using different LFs in the calculation of the visibility time; and the horizontal error bars denote the range within which 68 per cent of the galaxies fall within the mass bin. The solid curve shows the best-fitting SN Ia rate as a function of stellar mass, as derived from a combination of a t −1 DTD and the Gallazzi et al. (2005) relation between mass and galaxy age. The shaded area is the confidence region resulting from the 68 per cent statistical uncertainty of the DTD amplitude Ψ 1Gyr . The dashed (dot-dashed) curves are the L11 power-law fits to their mass-normalised SN Ia rates in local elliptical (S0) galaxies.
masses and redshifts in our sample, is RIa,M = 0.10 ± 0.01 (statistical) ± 0.01 (systematic) SNuM. For passive galaxies alone, the mass-normalised SN Ia rate is RIa,M = 0.082 −0.014 (0.024)] SNuM for elliptical (S0) galaxies (L11), where the uncertainties are statistical and systematic, respectively. Fig. 10 shows the SN Ia rate per unit mass, as a function of galaxy mass, for all galaxies in our sample, and separately for passive and star-forming galaxies. The mass-normalised SN Ia rates decrease with increasing galaxy mass. We thus confirm, with the present sample at z ∼ 0.1, the similar dependence found by L11 for SNe Ia discovered in the local LOSS sample and by Smith et al. (2012) for SDSS-II SNe. Kistler et al. (2011) pointed out that the rate-mass relation found by L11 can be explained by a t −1 DTD, combined with the fact that massive galaxies formed earlier in the cosmic history. We repeat here the Kistler et al. (2011) calculation, with some small differences. The mass-normalised SN Ia rate of galaxy i at cosmic time t can be expressed as the convolution of the SFH, S(t), and a DTD, Ψ(t), divided by the total stellar mass of the galaxy, M * ,i, after mass loss due to stellar evolution:
Following Kistler et al. (2011) , we use the Gallazzi et al. (2005) relation between the stellar mass of a galaxy and its age to derive ages for a random selection of 10,000 galaxies with redshifts drawn from the redshift distribution of the SDSS DR7 sample. For each galaxy, we draw a galaxy age from a Gaussian distribution centred on the median values in table 2 from Gallazzi et al. (2005) , with the 16/84 per cent values acting as the distribution's lower and upper standard deviations. Following Gallazzi et al. (2005) , we use an exponential SFH of the form e −αt , with indices α drawn from a flat distribution between 0 and 1. The SFH is scaled to produce the galaxy's formed mass, M f , over the period of time between a galaxy's formation time, tg, and t. We assume a power-law DTD with index −1, with the amplitude Ψ1Gyr at t = 1 Gyr left as a free parameter. Equation 6 thus becomes:
As our measurements cover mainly old galaxies in the mass range ∼ 10 9 -10 12 M , we set M f /M * = 2.3 (Bruzual & Charlot 2003) . The best-fitting DTD amplitude, with χ 2 r = 1.5, is Ψ1Gyr = 0.070 ± 0.016 × 10 −12 M −1 yr −1 , where the uncertainty of Ψ1Gyr is the 68 per cent confidence region, defined as the range of Ψ1Gyr values within ∆χ 2 = ±1 of the minimal χ 2 value. The form of the mass-normalised SN Ia rate as a function of mass is similar to the one obtained by Kistler et al. (2011) , though with a shallower decline at the high-mass end. Fig. 10 shows the result of this simulation.
The Type Ia supernova volumetric rate
We can convert the mass-normalised SN Ia rate, averaged over all masses and redshifts in our sample, to a volumetric rate, by multiplying it by the total cosmic mass density, as inferred from the galaxy stellar mass function (GSMF) measured at z < 0.06 by Baldry et al. (2012) . However, the SDSS was a galaxy-targeted survey, and the distribution of galaxy mass is biased towards high-mass galaxies, as shown in Fig. 1 . This, in turn, biases the size of our SN Ia sample, as SNe Ia are more common in low-mass galaxies (L11 and Fig. 10 ). Therefore, we must account for our galaxy sample's particular distribution of mass, M , weighted by the rate-mass relation we have found for these galaxies. We do this by multiplying our mass-normalised rate by the ratio of the integrated cosmic GSMF, B(M ), to the SDSS DR7 galaxy-mass distribution, D(M ) (which is normalised so that D(M )M dM = 1), where both mass functions are weighted by the rate-mass relation R(M ) described in Section 5.2:
The stellar estimates at the basis of the Baldry et al. (2012) GSMF assumed a Chabrier (2003) . The statistical uncertainty in the rate derives from the Poisson uncertainty from the size of the SN Ia sample. The systematic uncertainty is composed of two elements: the uncertainty propagated from using various LFs in the calcualtion of the visibility time; and an uncertainty of −3.5 SNe Ia, as derived from the purity of our discovery and classification method and the possibility that some of our SNe exploded outside of the spectral aperture, as detailed in Sections 3.3 and 4. Varying the GSMF according to the uncertainties reported in table 1 of Baldry et al. (2012) adds a statistical uncertainty an order of magnitude smaller than the Poisson uncertainty, and is thus negligible. With the systematic uncertainties, the total uncertainty is thus ∼ 20 per cent. The uncertainty, however, does not include the systematics in the mass estimates of the individual galaxies by T09, which are difficult to estimate. Our volumetric SN Ia rate measurement, along with measurements from other SN surveys in this redshift range, are shown in the upper panel of Fig. 11 . Our volumetric rate is in excellent agreement with most previous measurements (e.g., M03; Dilday et al. 2010) . Furthermore, our rate merges smoothly with the extrapolation to low redshift of the rates measured by P12 (whose own low-z measurement has large errors). This is shown in the lower panel of Fig. 11 . Our low-z rate measurement, together with the P12 measurements, thus provides now a precise picture of the SN Ia rate evolution from z = 0 to 1. Following G11 and P12, we convolve a power-law DTD with different cosmic SFHs (see G11, section 8) and fit our volumetric SN Ia rate, together with those of P12 and G11 (see Fig. 11 ). We find a best-fitting DTD power-law index of −1 ± 0.1 ± 0.16, where the uncertainties are statistical and systematic, respectively, and the systematic uncertainty derives from the different SFHs used in the fit.
Our rate calculation is improved compared to the SN Ia rates derived by the two previous studies that have searched for SNe in SDSS spectra. M03 estimated the Bband-luminosity-weighted SN Ia rate at z ≈ 0.1 using the average galaxy luminosity value of their sample and a fixed visibility time estimated at tv = 20 days. They obtained 0.4 ± 0.2 h 2 SNuB (10 Horesh et al. (2008) converted this rate into a volumetric rate of 0.24 ± 0.12 × 10 −4 SNe yr
using the redshift-dependent Botticella et al. (2008) luminosity density function, but without taking into account the then-unknown rate-mass relation, which weights the particular luminosity distribution of the galaxies in the SDSS DR1 sample (see Eq. 8 −0.071,−0.039 SNuB using the same redshift-dependent luminosity density function, again without accounting for the effect of the rate-mass relation. Finally, neither M03 nor K11 made use of the detailed spectral information available for every galaxy in the sample, which can give the stellar masses of the galaxies (and which we have used for calculating rates, above) and the SFHs of the galaxies (which we use for recovering the DTD, below). Barbary et al. (2012a, left-facing triangles) , and P12 (green diamonds). The solid curve is the same as above, and the dashed curve is the best-fitting SN Ia rate evolution derived from convolving the Yüksel et al. (2008) cosmic SFH with a power-law DTD and fitting our volumetric rate measurement, together with those of P12 and G11. The most precise measurements in each redshift range are marked with filled symbols.
The Type Ia supernova delay-time distribution
The VESPA SFHs that are available for each of the individual galaxies that were effectively 'monitored' by our SN survey permit applying to the data the M11 algorithm for recovering the DTD. In this approach, briefly, Eq. 6 is approximated by a discretised form,
where Ni is the expectation value of the SNe Ia in the ith galaxy, mij is the stellar mass formed in the galaxy over the jth time interval, Ψ is a binned version of the DTD, and ∆ti is the visibility time of the ith galaxy. The sum is over the three VESPA time bins: < 0.42 Gyr ('prompt'), 0.42-2.4 Gyr ('intermediate'), and > 2.4 Gyr ('delayed'). The values of Ψj are treated as free parameters that are scanned so as to best match Ni to the Poisson statistics of the observed sample, which has zero SNe in most of the monitored galaxies, and one SN in a small fraction of the galaxies. M11, analysing the LOSS sample of L11, detected significant prompt and delayed components to the DTD. Applying the method to a sample of SNe Ia from the SDSS-II survey (Dilday et al. 2010; Sako et al. 2011) , M12 obtained 4σ detections of all three DTD components. For the current SN Ia sample and the VESPA-derived SFHs for our galaxies, we obtain a strong detection of a delayed component in the age bin > 2.4 Gyr, of 4.5 ± 0.6 (statistical) +0.3 −0.5 (systematic) × 10 −14 SNe M −1 yr −1 , where the systematic uncertainty derives from the different LFs used in the calculation of the visibility time and the −3.5 SNe Ia due to possible misclassification and extraaperturial SNe. Our recovered delayed component of the SN Ia DTD, along with measurements from other SN surveys, are shown in Fig. 12 . For the purpose of this compilation, the DTD values from M11, M12, and this work, have been scaled down by a factor of 0.7. This factor converts the Kroupa (2007) IMF assumed by VESPA, and therefore implicit in those DTDs, to the "diet Salpeter" IMF (Bell et al. 2003 ) assumed in the other measurements shown. Our delayed component measurement is 2-3 times higher than the corresponding value in M12, but similar to the value obtained by M11. It is possible that this result is affected systematically by the 'flux flow' problem we have identified in galaxies that hosted SNe. Some of the blue light of a host galaxy, light from a young or intermediate-age stellar population, is removed from the galaxy spectrum by the SN Ia template subtraction. As a result, some of the DTD signal could 'drift' from the prompt and intermediate bins to the delayed bin. Alternatively, the high level of the delayed component could be real, a result of the dominance of massive, early-type galaxies in the sample (see Section 5.5, below).
We do not detect prompt and intermediate components to the DTD. In retrospect, this is unsurprising, since our galaxy sample is dominate by old and massive galaxies, with little ongoing star formation. 90 SNe Ia were hosted by the 707,792 galaxies in our sample. Of these, only 5,394 galaxies have log(sSFR/yr −1 ) > −9.5, none of which hosted a SN Ia. The SDSS-II sample used in M12, on the other hand, is composed of 66,400 galaxies, which hosted a total of 132 SNe Ia. 3,867 galaxies had log(sSFR/yr −1 ) > −9.5, seven of which hosted a SN. Comparing between the two samples, we would have expected (66,400/707,792)×(5,394/3,867)×(90/132)× 7 = 0.6 SNe Ia in the highly-star-forming galaxies in our sample, which is consistent with our having found none. With no detected SNe Ia in young galaxies, our method is unable to reconstruct the short-and intermediate-delay DTD components.
The Type Ia supernova production efficiency
Integrating the SN Ia DTD over a Hubble time yields the number of SNe Ia per unit stellar mass formed in a short burst of star formation, N/M * . For intercomparing with other results, we again assume consistently a "diet Salpeter" IMF, which is similar to the Salpeter ( −3 SNe M −1 . This value is lower than those obtained by M11, M12, G11, and P12, but does not take into account the uncertainty in the slope of the DTD.
G11 found that N/M * lay in the range N/M * = (0.5-1.5) × 10 −3 SNe M −1 . Taking into account the statistical and systematic uncertainties derived from the cosmic SFHs used in G11, but fitting only the volumetric rate derived in Section 5.3, together with those from G11 and P12, we find that N/M * lies in the range N/M * = (0.4-1.2) × 10 −3 SNe M −1 . Because our galaxy sample is composed mainly of old, massive galaxies, in Section 5.4 we recover only the delayed (> 2.4 Gyr) component of the DTD. When multiplied by the range of delay times it spans, 11.3 Gyr, this component gives N/M * = 0.35 ± 0.14 (statistical)
. This is only one component of the overall N/M * (see M12, equation 10), which is why it is several times lower than the overall values found by M11 and M12. By itself, however, this component of N/M * is larger than the respective components in M11 and M12. This may be due to the flux flow problem described in Section 3.3 and shown in Fig. 4 , which steals blue light from the host galaxies and biases the VESPA-derived stellar masses of galaxies hosting bright SNe. Alternatively, a higher N/M * or a higher delayed DTD component in massive, old galaxies, as suggested by Fig. 12 , may be a real phenomenon, perhaps related to IMF effects (see M12).
SUMMARY AND CONCLUSIONS
We have surveyed the ∼ 700,000 galaxy spectra in SDSS DR7 that have VESPA-derived SFHs and discovered and classified 90 SNe Ia and 10 SNe II. Using our SN Ia sample, together with the VESPA-derived stellar masses of the galaxies we survey, we measure the mass-normalised SN Ia rates at a median redshift of z = 0.11 and find that they follow the (2008) cosmic SFH, provides the best fit to our volumetric rate, together with those of P12 and G11 (see Fig. 11 ). The dashed curves are the systematic uncertainty on the amplitude of the DTD, derived from using different cosmic SFHs. Where necessary, measurements have been converted to account for the diet Salpeter IMF used here.
so-called 'rate-size', or rate-mass, relation, which was previously observed in the local Universe by L11. We confirm that more massive galaxies have lower SN Ia rates per unit stellar mass, and that, for galaxies of a given total mass, the massnormalised SN Ia rate is weakly dependent on the galaxy's sSFR. Following Kistler et al. (2011) , we also confirm that this rate-mass relation is essentially a coincidental 'conspiracy.' On the one hand, less massive galaxies tend to form later in the history of the Universe ('downsizing'). On the other hand, numerous recent SN Ia rate studies point to a DTD that peaks at short delays and decreases monotonically with time Maoz & Badenes 2010; G11; M11; M12; Barbary et al. 2012b; Badenes & Maoz 2012; P12) . The rate-mass relation results from the fact that, for more massive galaxies, we are probing further down along the delayed tail of the DTD. Our mass-normalised SN Ia rates cover a mass range of ∼ 10 9 -10 12 M . In the future, it would be interesting to extend the mass-normalised SN Ia rates to both lower and higher galaxy masses, where our (albeit simplified) calculation predicts that the rate per unit mass will plateau.
We have also derived a mass-normalised SN Ia rate, averaged over all masses and redshifts in our galaxy sample, 0.10 ± 0.01 (statistical) ± 0.01 (systematic) SNuM, and a volumetric rate, RIa,V(z = 0.11) = 0.247 . The latter is consistent both with previous measurements from other surveys and with the low-redshift extrapolation of the power-law dependence on redshift fit by P12 to their SN Ia rate measurements.
As the SDSS DR7 galaxy sample is composed mainly of massive, old galaxies, applying the direct DTD recovery method of M11 yields only a 'delayed' component of 4.5 ± 0.6 (statistical) in the delay-time range > 2.4 Gyr. This value is 2-3 times higher than the corresponding value in M12, but similar to the value obtained by M11. The differences may be due to the systematic flux flow problem that exists in our SN discovery process. We find that the time-integrated number of SNe Ia per unit formed stellar mass derived from a powerlaw DTD with index −1 and scaled to yield the above value, is N/M * = 0.43
+0.04
−0.10 × 10 −3 SNe M −1 , on the lower end of the range of (0.4-1.2) × 10 −3 SNe M −1 that we recover from fitting our volumetric SN Ia rate, together with those from G11 and P12. These N/M * values are consistent with the values obtained by G11 and P12, but lower than those obtained by M11. It is as of yet unclear whether the difference in SN Ia production efficiency seen in volumetric field surveys and surveys of old stellar populations reveals a real difference (see M12 for a discussion), or may be a systematic effect caused by, for example, overstimation of the cosmic SFH because of over-correction of dust extinction.
In terms of the progenitor question, our results are consistent with previous indications for a power-law DTD with an index ∼ −1. This comes mainly through the ratemass relation that we measure (which is naturally explained with such a DTD), but also through the delayed DTD component we recover directly (this component is part of the above DTD), and through the precise volumetric rate we find (which merges smoothly with rates at higher redshifts and, compared to the cosmic SFH, implies such a DTD). It remains to be seen whether theoretical SD models may produce such a DTD, or whether this result indicates that many, most, or all SNe Ia arise through the DD channel. Further studies, using both SN Ia rates and other relevant techniques, will shed light on this issue.
While large photometric SN surveys, such as the SDSS SN Survey (Dilday et al. 2010; Sako et al. 2011) , Supernova Legacy Survey (Neill et al. 2006; P12) , and the ongoing PTF have generated large samples of SNe of all types, they require costly spectroscopic follow-up in order to robustly classify their candidates. Massive spectroscopic surveys, such as previous data releases of the SDSS or the ongoing SDSS-III (Eisenstein et al. 2011) , provide an ideal platform for our code, with which one can assemble large transient samples at no extra cost. Spectroscopic SN surveys, however, also have several disadvantages when compared to traditional imaging-based surveys:
(i) The SN yield per galaxy or per exposure time is lower, for several reasons: (a) spectroscopy requires longer exposure times than imaging, hence fewer galaxies can be targeted in a given amount of time; (b) the spectral apertures used in surveys such as SDSS cover only certain areas of specific galaxies in the telescope's field of view (though this can be obviated with the use of integral-field or grism spectroscopy); and (c) the two-dimensional brightness contrast of a SN over its host galaxy in an image is greater than the one-dimensional contrast in a spectrum, which leads to shorter visibility times (the mean SN Ia visibility time of our survey is 39 days).
(ii) Imaging-based SN surveys can be done in rolling mode, allowing for the measurement of light curves (though these can also be measured using follow-up imaging). A rolling spectroscopic survey is impractical, though that may change in the future.
The detection and classification method introduced here can be improved upon by, e.g., optimizing it for other types of SNe and by replacing the template library with bases of SN eigenspectra, similar to the SALT2 templates. Furthermore, we will search for ways to discover new types of transients that cannot be fitted with current spectral templates. Finally, although the current work has been an archival search, there is no obstacle to discovering SNe in spectra in real time, while the SNe can still be followed up. We are currently applying such an approach to spectra from the SDSS-III Baryon Oscillation Spectroscopic Survey (Dawson et al. 2012) .
